A sulfhydryl-dependent protease (SHP) was purified from a culture of Clostridium botulinum type F. The enzyme can activate type E progenitor toxin completely but type B progenitor toxin only partially. This may suggest that SHP by itself could completely activate the toxin of proteolytic C. botulinum types A and F in culture. The toxicity of type E progenitor toxin potentiated by the treatment with SHP persisted, whereas that of derivative toxin decreased rapidly by further incubation with SHP. This may indicate that only the progenitor toxin, the complex of the toxic and nontoxic components, activated by SHP withstands the subsequent exposure to the enzyme in cultures of proteolytic C. botulinum.
INTRODUCTION
We demonstrated that sulfhydryl-dependent protease (SHP) produced by some clostridial strains activated preferentially type E over type B progenitor toxin (Ohishi, Okada and Sakaguchi, 1975) . The lower sensitivity of type B progenitor toxin to SHP, even to that elaborated by the same parental strain, explains the observation that the toxin of strongly proteolytic C. botulinum type B strain Okra is activable even at a late stage of incubation (Iida, 1964; DasGupta, 1971) . The activation ratio of type E progenitor toxin attained with a partially purified clostridial protease was significantly lower than that attained with trypsin (Ohishi et al., 1975) . DasGupta and Sugiyama (1972b) also observed a similar divergence with type B and E derivative toxins and a trypsin-like enzyme produced by C. botulinum type B strain Okra and interpreted it as implication of more than a single enzyme in activation and of cleavage of at least two peptide bonds by distinct enzymes in endogenous activation of botulium toxin.
Our recent investigations have demonstrated that any of type A, B, E, and F botulinum toxins, no matter whether in crude or purified state, is dissociable into two components, toxic and nontoxic (Kitamura, Sakaguchi and Sakaguchi, 1968; Kozaki, Sakaguchi and Sakaguchi, 1974; Sugii and Sakaguchi, 1975; Ohishi and Sakaguchi, 1975) . The progenitor toxin, the complex of the toxic and nontoxic components, is much more resistant to acid and proteolytic enzymes than the dissociated toxic component or the derivative toxin (Kitamura, Sakaguchi and Sakaguchi, 1969; Ohishi and Sakaguchi, 1975) . The nontoxic component thus protects the toxic component from destruction by the gastric juice and digestive enzymes, and only the progenitor toxin acts as an oral toxin (Lamanna and Sakaguchi, 1971 
RESULTS

Purification and Some Properties o f SHP
Purification of SHP is summarized in Table I . Approximately 53-fold purification was achieved with a 24% recovery in the amidase activity starting from the first ammonium sulfate precipitate. The purified enzyme gave a single band in disc electrophoresis performed according to Ornstein (1964) and Davis (1964) . The relative mobility of the band to bromophenol blue used as a marker dye was 0.54 (Fig. 2) . The enzymatic activities of purified SHP toward several substrates are shown in Table II . SHP hydrolyzed preferentially TAME over TLME.
As shown in Table III , hydrolysis of amide, casin, TAME and TLME by SHP was inhibited by agents reacting with thiol groups or divalent metal ions. The amidase activity of SHP was the highest at pH 6.0 (Fig. 3) activated with trypsin to the same toxicities as those attained with trypsin alone, showing no impairment of the progenitor toxins by the treatment with SHP. Such incomplete activation of type B progenitor toxins resulted from the treatment with SHP derived from not only a strain of a different type but also the same parental strain (Ohishi et al., 1975) .
Activation of type E progenitor toxin by SHP was inhibited also with thiol-binding and chelating agents as were other enzyme activities (Table VI) To find the role of the nontoxic component of the progenitor toxin in activation, type E progenitor and derivative toxins were treated with SHP and the resulting toxicities were compared. The rate of increase in the toxicity of progenitor toxin resulting from SHP treatment paralleled to that resulting from trypsinization and the highest toxicity persisted (Fig. 4-a) . In contrast to this, the toxicity of derivative toxin was increased by SHP treatment in parallel to that caused by trypsinization only up to 10 min and then the former decreased rapidly, while the latter persisted for at least 40 min (Fig. 4-b) . Similar experiments were carried out with type B toxins. As shown in Figs. 5-a and 5-b, neither progenitor nor derivative toxin was fully activated with SHP in 90 or 40 min of incubation.
DISCUSSION
Young cultures of proteolytic C. botulinum are potentiated by trypsinization, whereas aged cultures are usually not Kempe, 1959, 1960; Inukai, 1963; Iida, 1964; Holdeman and Smith, 1965; Walls, 1967) . A culture of proteolytic C. botulinum type B strain Okra, however, is activable with trypsin even after prolonged incubation (Iida, 1964; DasGupta, 1971) . Purified progenitor toxin of proteolytic C. botulinum type B strain Okra was activable (Kozaki et al., 1974) ; those of types A and F were not (Sugii and Sakaguchi, 1975; Ohishi and Sakaguchi, 1974) . These proteolytic strains of C. botulinum types A, B, and F commonly produce sulfhydryl-dependent proteases capable of activating type E and, to a markedly less extent, type B progenitor toxin (Ohishi et al., 1975) . It seems justified to consider that proteolytic type A and F strains produce initially inactive toxin molecules, which are subsequently activated completely by an endogenous protease.
Purified SHP of C. botulinum type F, if used at a high concentration, activated type E progenitor toxin as completely as trypsin does, but type B progenitor toxin only partially. All these findings obtained in this and other laboratories indicate that the susceptibilities of the progenitor toxins of proteolytic C. botulinum types A and F to endogenous SHP are high enough to be activated completely in culture, whereas that of type B progenitor toxin is not high enough to be activated completely. It seems probable from the present results that endogenous activation of the toxin of proteolytic C. botulinum could be accomplished with endogenous SHP by itself (cf. DasGupta and Sugiyama, 1972b) .
SHP purified from C. botulinum type F had an optimum pH of 6 and required a thiol agent and a divalent cation for the enzyme activities and for activation of botulinum toxins. Several proteases have been isolated from cultures of C. botulinum (Elberg and Meyer, 1939; Millonig, 1956; Kodama, 1961; Inukai, 1963; DasGupta and Sugiyama, 1972; Tjaberg, 1973a,b) . Tjaberg (1973a) isolated two distinct proteases from each of C. botulinum types A, B and F. They differed from SHP in the optimum pH and the requirement for a thiol agent. Inukai (1963) found three distinct proteases in C, botulinum type A; none of them required a thiol agent, but one of them with an optimum pH at 6 enhanced the toxicity of type A toxin. Only the trypsin-like enzyme purified from C. botulinum type B strain Okra (DasGupta and Sugiyama, 1972a) , requiring a thiol agent and a divalent cation for its action and having an TOXINS AND SH-PROTEASE 189 optimum pH at 6, appears to be the same enzyme as SHP purified from C. botulinum type F. Type E progenitor toxin was activated completely with SHP and the resulting toxicity persisted, whereas its derivative toxin was also activated but activated derivative toxin was decomposed much more rapidly than activated progenitor toxin. The fact indicates a significant role of the nontoxic component in protecting the toxic component during activation with SHP and the subsequent exposure to the enzyme in cultures of proteolytic C. botulinum. It was also demonstrated that the nontoxic component in type B progenitor toxin molecules are not responsible to the incomplete endogenous activation. The progenitor toxin has been defined as the toxin first appearing in food and in culture (Lamanna and Sakaguchi, 1971) . It is not known when the toxic and the nontoxic components are bound together after they are synthesized to form the progenitor toxin molecule. They are, however, no doubt bound together before endogenous activation takes place; otherwise the activated toxic component is rapidly destroyed by endogenous SHP in proteolytic strains.
